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The introduction of heterochain oligoamides into blends of diene elastomers is of great practical and theoretical interest, as it makes it possible to produce the most adequate synthetic analogues of natural rubber containing protein components as modifying substances [1, 2] . A large proportion of methods for modifying isoprene rubber (SKI) aim to improve the cohesion and adhesion to reinforcing elements of complex articles manufactured from elastomers. It is also well known that amine and amide compounds based on ε-caprolactam can have a modifying effect on elastomer composites based on unsaturated rubbers [3] .
The objective of the present work was to study the possibility of using a number of oligomers produced by the interaction of ε-caprolactam with alcohols and amines of different structure as modifi ers of elastomer composites based on unsaturated rubbers.
The synthesis of the proposed modifi ers by the reaction of ε-caprolactam (excess) with mono-and polyhydric alcohols and amines was carried out in an autoclave or in a round-bottomed fl ask equipped with a stirrer, a calcium chloride tube, and a refl ux condenser until stabilisation of the amine nitrogen content in the oligomers. The products formed were ground, washed with hot distilled water until the initial substances had been completely removed (according to chromatographic analysis data), and dried to constant weight. The ratio of total and amine nitrogen was then determined, and IR spectra were taken on a Specord-80M instrument and IR Fourier spectra on a Scimitar FTS-2000 instrument from KBr pellets (Tables 1 and 2) .
Decanol, glycerin, polyvinyl alcohol (PVA), diethanolamine, and hexamethylenediamine were used as the initial alcohols and amines. According to data of elemental and spectral analysis of the new products (see Table 1 ), the following transformations occur during synthesis:
(1)
Here, it was established [4] that ring opening of ε-caprolactam under the selected conditions is possible with the participation of primary hydroxyl groups, and, in the presence of the most active catalysts, with the participation of secondary hydroxyl groups, for example, when PVA is used, in the presence of zinc carboxylates.
For introduction into elastomer composites, oligomers I to V (based on ε-caprolactam and respectively decanol, glycerin, PVA, diethanolamine, and hexamethylenediamine) of optimum composition with a degree of oligomerisation of ≤40 were chosen.
The oligomers were introduced into standard elastomer composites and industrial tyre mixes based on SKI-3 polyisoprene rubber in a quantity of 1 part per 100 parts rubber. The physicomechanical properties of the new rubber mixes and vulcanisates, and also of mixes and vulcanisates with or without an industrial modifi er based on resorcinol and urotropin (RU-1), are given in Tables 3 and 4 .
From the data in Table 3 it can be seen that additions of the new modifi ers have little effect on the combination of physicomechanical properties of the vulcanisates, but an increase in dynamic strength is observed, especially when decanol-based oligomers are introduced. In Table 2 . Data of IR spectra of the oligomers obtained
Product
Characteristic bands of IR spectra the process of ageing, the rubber mixes with the trial modifi ers added retain their strength characteristics well. This appears to be due to the formation of additional rubber-modifi er bonds. As can be seen from the data given in Table 4 , the trial modifi ers increase the bond strength of rubber to nylon cord. This indicates the formation of additional bonds of different nature, including coordination bonds between functional groups of oligoamides, with the cord and the polymer matrix; here, there is an improvement in the combination of physicomechanical properties, with a considerable increase in strength, elongation at break, and dynamic strength of vulcanisates from carcass mixes.
Oligomer V, produced by the interaction of ε-caprolactam with hexamethylenediamine, has performed well in the composition of a carcass mix based on a combination of SKI-3 polyisoprene rubber, SKD polybutadiene rubber, and SKMS-30ARKM-15 butadiene-methylstyrene rubber (Table 5) . Table 5 it can be seen that, when this modifi er is introduced, there is an improvement in the majority of the most signifi cant characteristics of rubber compounds based on a blend of the most important unsaturated rubbers: the dynamic strength and tensile strength increase, heat build-up decreases, and the rubber-to-cord bond strength increases.
From the data in
Thus, it has been shown that the new synthesised oligomers based on ε-caprolactam, alcohols, and amines of optimum composition have a positive effect on the combination of physicomechanical properties of elastomers, more effectively increasing the rubber-tocord bond strength by comparison with the industrial modifi er.
